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ABSTRACT 
This study investigated and compared the geotechnical properties of laterite soils obtained from two different locations: Oshin in Ilorin South Local Government Area and Alagba in Ilorin East Local Government Area of Kwara State. The purpose was to determine the suitability of these soils for use in civil engineering construction, particularly for road sub-base, dam, foundation, and embankment works. Standard laboratory tests such as grain size analysis, Atterberg limits, compaction tests (Standard and Modified Proctor), and California Bearing Ratio (CBR) tests were conducted on soil samples from both locations, identified as Sample A and Sample B. Results from the grain size distribution test indicated that both samples were poorly graded, which is typical of soils suitable for sub-base applications. The Atterberg limit tests revealed that the plasticity characteristics of both samples fell within acceptable ranges for sub-base materials, suggesting good workability and cohesion. Compaction tests further showed that both samples attained optimal moisture contents (OMC) and maximum dry densities (MDD) that qualified them as suitable for use in engineering construction, under both Standard and Modified Proctor energy levels.
However, the California Bearing Ratio (CBR) values for both samples were found to be very poor to poor, according to the classification by The Asphalt Institute (1962). This finding implies that while the soils could serve as sub-grade and sub-base materials, they may not be ideal for surface layers or heavy load-bearing applications without stabilization. Nevertheless, the soils exhibited fairly high initial and long-term stability, making them potentially suitable for use in dam and embankment constructions where strength gains over time are expected. In conclusion, the comparative study demonstrated that laterite soils from both Oshin and Alagba possess geotechnical properties that make them usable in various civil engineering projects, especially as sub-base materials. It was recommended that laterite soils be thoroughly evaluated before construction, and further tests such as triaxial shear and permeability analyses be conducted to ensure a more comprehensive assessment of their engineering performance.
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CHAPTER ONE
INTRODUCTION 
1.1	Background to the Study
Lateritic soils are widespread across tropical and subtropical regions and are commonly used in various geotechnical and civil engineering applications, particularly in road construction, foundation engineering, and earthworks. These soils are typically formed through the intensive and prolonged weathering of underlying parent rocks under hot and humid climatic conditions, which leads to the accumulation of iron and aluminum oxides and the leaching of silica (Gidigasu, 1976). Due to their widespread availability and favorable engineering characteristics under certain conditions, laterite soils have become one of the most utilized natural materials in construction projects across Nigeria and other tropical countries.
Despite their popularity and abundance, the geotechnical properties of lateritic soils are highly variable and depend on a number of factors such as mineralogical composition, climatic conditions, topography, drainage, and human activity (Osinubi & Eberemu, 2006). This spatial variability often necessitates detailed site-specific investigations prior to construction to ensure structural stability and cost-effective design. Parameters such as particle size distribution, Atterberg limits, natural moisture content, compaction characteristics, California Bearing Ratio (CBR), and shear strength are commonly evaluated to determine the suitability of laterite for engineering purposes (Adebayo, 2004; Ola, 1983).
1.2	Aim and Objectives
Aim:
The aim of this study is to conduct a comparative analysis of selected geotechnical properties of laterite soils obtained from Oshin in Ilorin South Local Government Area and Alagbaa in Ilorin East Local Government Area of Kwara State, in order to assess their suitability for civil engineering and construction purposes.
Objectives:
To achieve the stated aim, the specific objectives of this study are to:
i. determine the physical and index properties (such as natural moisture content, specific gravity, particle size distribution, and both study locations).
ii. evaluate the compaction characteristics of the lateritic soils using the standard Proctor test to determine the Optimum Moisture Content (OMC) and Maximum Dry Density (MDD)
iii.  Assess the strength parameters of the soils using shear strength and California Bearing Ratio (CBR) tests.
iv. Compare the geotechnical behavior of the soils from Oshin and Alagbaa to identify significant differences or similarities.
v. Recommend the suitability of the soils for various engineering applications based on their geotechnical performance.
1.3	Statement of the Problem
Laterite soils are widely used in civil engineering works across Kwara State due to their local availability and cost-effectiveness. However, the performance of these soils in construction projects often varies significantly from one location to another. In some areas, lateritic soils exhibit good bearing capacity and compaction characteristics, while in others, they show signs of instability, poor drainage, or inadequate strength. These inconsistencies have been attributed to variations in soil properties caused by differences in parent rock, weathering conditions, topography, and other environmental factors.
1.4	Justification of the Study
Understanding the geotechnical characteristics of laterite soils from different locations is essential for safe and economical engineering design. This study is particularly justified for the following reasons:
Site-Specific Knowledge: The comparative data obtained from this research will provide engineers and planners with accurate, location-specific information necessary for designing foundations, pavements, and other civil engineering structures in Oshin and Alagbaa.
Improved Construction Quality: By identifying the strengths and limitations of lateritic soils from both areas, the study will help minimize failures due to unsuitable soil conditions and contribute to the longevity of engineering structures.
Material Suitability Assessment: The findings will assist contractors and developers in making informed decisions about the appropriateness of using laterite soil from a particular location, thereby reducing the risk of using substandard materials.
1.5	Scope and Limitation
Scope of the Study
This study focuses on the comparative analysis of selected geotechnical properties of laterite soils obtained from two specific locations within Kwara State, Nigeria: Oshin in Ilorin South Local Government Area and Alagbaa in Ilorin East Local Government Area. The scope of the investigation is limited to key geotechnical parameters relevant to civil engineering design and construction, including:
· Natural moisture content
· Specific gravity
· Particle size distribution
· Atterberg limits (Liquid limit, Plastic limit, and Plasticity index)
· Compaction characteristics (Maximum Dry Density and Optimum Moisture Content)
· California Bearing Ratio (CBR)
· Shear strength parameters
1.6	Location and Accessibility of Lateritic Soil in the Study Area
The study focuses on two specific locations within Ilorin, the capital city of Kwara State, Nigeria: Oshin in Ilorin South Local Government Area and Alagbaa in Ilorin East Local Government Area. These areas lie within the Southern Guinea Savannah zone of Nigeria and are underlain predominantly by Precambrian Basement Complex rocks, which are known to produce lateritic soils through weathering.
Oshin is located in the southern part of Ilorin and is accessible via major roads branching off from the University of Ilorin axis and Tanke area. It has seen rapid urbanization, with ongoing road construction and residential development, leading to frequent excavation and use of local laterite soils.
Alagbaa, situated in the eastern part of Ilorin, is accessible through major roads leading from the Oke-Oyi and Sango axes. It is a semi-urban area with a mix of agricultural and residential land use. Lateritic soils are commonly used in rural road construction and minor building works.
1.7	Climate and Vegetation of the Study Area
The study areas—Oshin and Alagbaa—lie within the tropical wet and dry climate zone (AW) of the Köppen classification. The climate is characterized by two distinct seasons:
Rainy season: Usually spans from April to October, with peak rainfall occurring between June and September. Annual rainfall ranges from 1,000 mm to 1,500 mm, supporting the growth of grasses, shrubs, and scattered trees.
Dry season: Extends from November to March, marked by the Harmattan (a dry, dusty northeasterly trade wind) during the early months of the year. During this period, soil moisture levels drop significantly, affecting soil behavior such as shrinkage and cracking.
The vegetation of the study area is classified as Guinea Savannah, consisting mainly of tall grasses, scattered trees, and shrubs. Human activities such as farming, road construction, and urban development have significantly altered the natural vegetation, particularly in Oshin.
The alternating wet and dry conditions in the area contribute significantly to the formation and weathering of lateritic soils. These climatic variations also influence the engineering properties of the soil, such as moisture content, compaction behavior, and strength—making them important factors in this study.









CHAPTER TWO
LITERATURE REVIEW 
2.0	Review of Previous Studies
The literature review is a critical component of any research project. It provides a synthesis of past scholarly works, helping to establish a theoretical and contextual background for the current study. For geotechnical studies involving lateritic soils, the literature review focuses on understanding soil behavior, formation processes, regional geological variations, and engineering performance. It also examines prior findings related to soil strength, compaction characteristics, moisture interaction, and stabilization techniques, especially in the context of Nigerian soils.
Lateritic soils are among the most widely used materials in road construction and civil engineering works in Nigeria and other tropical regions due to their widespread occurrence. However, their geotechnical properties vary significantly across locations due to differences in parent rock, climatic conditions, and pedogenic processes. Hence, understanding the characteristics and behavior of laterite in specific regions, such as Ilorin South and Ilorin East, becomes essential for safe and cost-effective engineering design.
Adeyemi (2021) studied lateritic soils derived from three different parent rocks in Southwest Nigeria and concluded that the parent rock has a strong influence on properties such as plasticity, grain size distribution, and shear strength. The study found that soils derived from granite tend to have better strength and lower plasticity than those from shale. These findings support the idea that local geological conditions (as in Oshin vs. Alagbaa) will influence geotechnical behavior geotechnical variability is expected between Oshin and Alagbaa due to differences in geology and weathering processes.
 Adebayo and balogun (2019) focused on lateritic soils within Ilorin and confirmed that soils from different parts of the city differ significantly in engineering behavior, even within relatively close distances. Parameters such as natural moisture content, Atterberg limits, MDD, and CBR varied across sampled locations. The findings suggest that site-specific investigations are necessary before using lateritic soils in construction Justifies the comparative study between Ilorin South and Ilorin East L.G.A.
Badmus (2019) explored how parent rock and mineralogy influence plasticity and compressibility of laterites in Ibadan. Soils with high kaolinite content had lower plasticity and compressibility, while those with illite showed higher values. The study used consolidation and Atterberg limit tests to draw correlations geology affects engineering behavior; your study must consider how mineral composition may differ between the two sites.
Oluyinka and Olubunmi (2023) focused on research examined lateritic soil samples from Abeokuta and evaluated them based on AASHTO and Nigerian road design standards. The study showed that while many samples were suitable for subgrade, some failed to meet the CBR requirements for base material unless stabilized. Key properties such as liquid limit, plasticity index, and compaction values were analyzed and will need to evaluate if the soils from Oshin and Alagbaa meet standard criteria for use in pavement layers.
Amu,Fajobi and Oke (2020) focused study on how cement addition affects the strength, compaction, and durability of weak lateritic soils. Cement content between 4% and 8% resulted in marked improvements in CBR, UCS, and reduced plasticity. The authors recommended cement stabilization for laterites not meeting specification If any of the lateritic samples from Ilorin South or East fall below standards, cement stabilization is a proven solution.
 2.1	Review of Soil 
Soil is a naturally occurring, unconsolidated material found on the earth’s surface, composed of mineral particles, organic matter, water, and air. It results from the weathering of rocks and decomposing organic matter over time. From an engineering perspective, soil serves as a critical material in the construction of foundations, embankments, roads, and various geotechnical structures. The strength, stability, and long-term performance of these structures depend heavily on the physical and mechanical properties of the soil on which they are built.
The nature and behavior of soil vary widely due to differences in climate, vegetation, parent rock, topography, and biological activity. These variations make soil a complex and non-homogeneous material, requiring site-specific investigations before use in engineering works. In Nigeria, especially in the tropical zones like Kwara State, the dominant soil type is laterite. Lateritic soils are residual soils formed in-situ from the prolonged chemical weathering of rocks under conditions of alternating wet and dry seasons, common to tropical climates.
Adeyemi (1995) explored lateritic soils in southwestern Nigeria and emphasized the influence of parent rock on engineering properties. His findings revealed that soils developed from granite displayed better geotechnical properties than those derived from shale or quartzite, such as higher bearing capacity and lower plasticity. This suggests that the geological setting plays a critical role in determining the suitability of a soil for engineering purposes.
Adebayo and Balogun (2013), who conducted geotechnical investigations in Ilorin. They observed significant differences in the properties of lateritic soils from different parts of the city, even when they were located within a short distance of each other. These differences were attributed to local geological variations and different weathering profiles. Their study reinforces the necessity of conducting location-specific soil assessments, as soils from different areas may not perform equally under the same engineering conditions.
Osinubi (1999) conducted an evaluation of cement kiln dust as a stabilizing agent for lateritic soils and concluded that chemical stabilization significantly improved strength characteristics such as CBR and unconfined compressive strength. Similarly, Amu et al. (2005) studied cement-stabilized lateritic soils and found that even poor-quality soils can be upgraded to meet construction requirements with proper treatment. These studies underline the adaptability of lateritic soils when treated with stabilizing agents, making them more useful in civil engineering applications.
Amu et al., (2005) studied cement-stabilized lateritic soils and found that even poor-quality soils can be upgraded to meet construction requirements with proper treatment. These studies underline the adaptability of lateritic soils when treated with stabilizing agents, making them more useful in civil engineering applications.
2.2	Overview of Lateritic Soil 
 Lateritic soils are among the most widespread and important soil types in tropical regions such as Nigeria. They are typically red, brown, or yellowish in color, and are recognized for their richness in iron and aluminum oxides. These soils are formed in-situ through the prolonged chemical weathering of rocks in humid tropical and subtropical environments, where high temperatures and heavy rainfall accelerate the breakdown and leaching of silicates. As silica is progressively leached away, the less soluble oxides of iron and aluminum remain, leading to the development of highly ferruginous or aluminous soil horizons that are collectively referred to as laterites.
In the Nigerian context, lateritic soils are widely distributed, especially in the Middle Belt and Southern regions, including Kwara State. These soils often serve as essential materials for construction, especially for road pavement layers, embankments, and sometimes even for brick production. Their geotechnical usefulness, however, depends on factors such as their degree of weathering, particle size distribution, plasticity, and mineralogical composition. As reported by Gidigasu (1976), lateritic soils display a wide variation in engineering behavior due to differences in parent rock, drainage, vegetation, and climatic history. This implies that even within a relatively small geographical area, the properties of lateritic soils can differ significantly.
Lateritic soils are generally considered to be well-graded, with moderate to high fines content, and their plasticity characteristics can vary widely. The Atterberg limits, which measure the plastic and liquid limits of soil, often classify Nigerian laterites within the intermediate to high plasticity range. According to Osinubi and Nwaiwu (2006), lateritic soils with higher clay content tend to exhibit greater plasticity and lower permeability, which may reduce their suitability for some construction applications without stabilization. Lateritic soils are among the most widespread and important soil types in tropical regions such as Nigeria. They are typically red, brown, or yellowish in color, and are recognized for their richness in iron and aluminum oxides. These soils are formed in-situ through the prolonged chemical weathering of rocks in humid tropical and subtropical environments, where high temperatures and heavy rainfall accelerate the breakdown and leaching of silicates. As silica is progressively leached away, the less soluble oxides of iron and aluminum remain, leading to the development of highly ferruginous or aluminous soil horizons that are collectively referred to as laterites.
In the Nigerian context, lateritic soils are widely distributed, especially in the Middle Belt and Southern regions, including Kwara State. These soils often serve as essential materials for construction, especially for road pavement layers, embankments, and sometimes even for brick production. Their geotechnical usefulness, however, depends on factors such as their degree of weathering, particle size distribution, plasticity, and mineralogical composition. As reported by Gidigasu (1976), lateritic soils display a wide variation in engineering behavior due to differences in parent rock, drainage, vegetation, and climatic history. This implies that even within a relatively small geographical area, the properties of lateritic soils can differ significantly.
Lateritic soils are generally considered to be well-graded, with moderate to high fines content, and their plasticity characteristics can vary widely. The Atterberg limits, which measure the plastic and liquid limits of soil, often classify Nigerian laterites within the intermediate to high plasticity range. According to Osinubi and Nwaiwu (2006), lateritic soils with higher clay content tend to exhibit greater plasticity and lower permeability, which may reduce their suitability for some construction applications without stabilization.
2.3	Geology of Nigeria 
The geology of Nigeria is diverse and complex, reflecting a wide range of rock types and geological formations that have developed over millions of years. Broadly, the country lies within the West African Craton, and its geological framework consists of four main units: the Basement Complex, the Younger Granites, the Sedimentary Basins, and the Volcanic Rocks.
The Basement Complex is the oldest and most extensive unit, made up of Precambrian rocks such as gneisses, schists, migmatites, and granites. These rocks dominate the southwestern and north-central parts of Nigeria, including areas within Kwara State, where your study sites—Oshin (Ilorin South) and Alagbaa (Ilorin East)—are located. The Basement Complex is known to influence the formation of lateritic soils, especially through deep weathering of its mineral-rich rocks. According to Ajibade and Woakes (1981), the weathering of granitic and gneissic rocks produces clay-rich soils that are typically ferruginous and form lateritic profiles in tropical environments.
The Younger Granites, found mostly in the Jos Plateau area, are of Jurassic age and consist of intrusive igneous rocks. Though important in central Nigeria, they have less influence in southwestern states like Kwara. The Sedimentary Basins—such as the Niger Delta, Sokoto, Chad, and Benue Trough—contain sandstones, limestones, and shales, and are associated more with oil and gas deposits than with laterite formation.
[image: C:\Users\USER\AppData\Local\Temp\ksohtml14284\wps7.png]The influence of geology on engineering soils in Nigeria is significant. In regions underlain by the Basement Complex, prolonged chemical weathering leads to the formation of residual soils like laterites, which are widely used in road and building construction. These soils are commonly found in the Ilorin region and vary in composition and strength depending on the type of parent rock. For instance, lateritic soils derived from granite tend to be coarse-grained and less plastic, while those from schist or phyllite may have finer particles and higher plasticity (Ola, 1983).
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.1 Geology of Nigeria
2.4	Geology of the Study Area 
The study locations—Oshin in Ilorin South Local Government Area and Alagbaa in Ilorin East Local Government Area, both in Kwara State—are situated within Nigeria’s Basement Complex terrain, part of the Precambrian shield that dominates southwestern Nigeria. This region is primarily composed of migmatite-gneiss complexes, granites, and schists, all of which are ancient crystalline rocks that have undergone prolonged geological processes, including tectonic deformation and metamorphism (Rahaman, 1988).
These rocks have experienced intense tropical weathering due to the area’s climate—marked by alternating wet and dry seasons. Over time, the weathering of these rocks has produced thick lateritic soil profiles rich in iron and aluminum oxides. The lateritic soils found in these areas are residual soils, meaning they have formed in place from the decomposition of the underlying parent rocks.
In Oshin, the predominant parent rocks are biotite granite and banded gneiss. These produce lateritic soils with coarser textures, better drainage, and moderate plasticity, making them favorable for engineering applications like road subgrades and foundations. On the other hand, Alagbaa is mainly underlain by schist and migmatite, which tend to produce finer-grained soils with higher plasticity and cohesion. These properties can influence the behavior of the soil in terms of compaction, permeability, and strength.
Understanding the geological differences between these two locations is essential, as they help explain the variation in soil properties such as bearing capacity, stability, and response to moisture—key factors in civil engineering and geotechnical design (Adebayo & Balogun, 2013).
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Fig. 2.2. Location of the study areas
Fig. 2.2 Geology of Kwara State
2.5	Origin of Lateritic Soil 
Lateritic soils are the product of intensive and prolonged weathering of rocks under tropical climatic conditions. These soils are typically rich in iron (Fe) and aluminum (Al) oxides, which give them their characteristic reddish-brown color and make them distinct from other soil types. The process of laterization—also known as lateritization—is driven by chemical weathering, particularly in hot, humid environments with alternating wet and dry seasons, which are common in many parts of Nigeria including Kwara State.
The origin of lateritic soil begins with the breakdown of silicate minerals in the parent rock (such as granite, gneiss, or schist). As rainwater infiltrates the soil, it dissolves and leaches out soluble elements like sodium, potassium, calcium, and silica, while less mobile elements like iron and aluminum become concentrated. Over time, this leads to the accumulation of oxides and hydroxides of iron and aluminum in the soil profile (Lawal & Abdulfatai, 2015).
In the Nigerian context, especially in areas like Ilorin, the Precambrian Basement Complex rocks provide a suitable foundation for the formation of laterites. The high rainfall and temperature in the region support deep weathering, while the presence of iron-bearing minerals in rocks such as biotite granite and schist enhances the development of iron-rich lateritic horizons (Ola, 1983).
Depending on the degree of weathering, lateritic soils may range from soft, porous, and clayey to hard, cemented crusts. Their formation also depends on drainage conditions, topography, vegetation cover, and time. Well-drained upland areas tend to form true laterites or lateritic gravel, while less-drained or flat regions may form lateritic clay with high plasticity.
These soils are widely used in civil engineering, especially for road construction, embankments, and foundation fills, due to their strength, availability, and cost-effectiveness. However, their engineering behavior varies significantly based on their origin and mineralogical composition, hence the need for site-specific investigation.
2.6	Formation of Lateritic Soil 
Lateritic soils are formed through the process of laterization, a prolonged and intense chemical weathering of rocks in tropical and subtropical climates. This process occurs under conditions of high rainfall, temperature, and good drainage, which promote the leaching of soluble elements such as silica, calcium, potassium, and sodium, leaving behind insoluble iron and aluminum oxides that accumulate and give the soil its reddish to brown coloration (Gidigasu, 1976).
 The parent materials for lateritic soils vary widely and can include granite, gneiss, schist, basalt, and sedimentary rocks. In Nigeria, particularly in the southwestern regions such as Kwara State, lateritic soils commonly develop over Precambrian Basement Complex rocks like granite and schist (Rahaman, 1988). The mineral content of the parent rock significantly influences the texture and composition of the resulting soil. For example, granite-derived laterites tend to be sandy and well-drained, while those from schist may have more clay and exhibit higher plasticity (Ola, 1983).
The process of formation typically follows these stages:
	1.	Initial weathering breaks down primary minerals in the rock.
	2.	Leaching removes bases and silica.
	3.	Accumulation of iron and aluminum oxides occurs.
	4.	Cementation may take place, leading to hardened laterite crusts.
This soil formation can take thousands of years, and the final profile may include distinct layers such as topsoil, lateritic clay, and lateritic gravel or crust. These horizons reflect the degree of weathering and the movement of minerals during the soil’s development.
Lateritic soils are considered residual soils because they form in place. Their unique formation process results in a range of geotechnical properties, making them suitable for use in road construction, embankments, and foundation materials, especially in regions with similar climatic and geological conditions.
2.7	Strength of Lateritic Soil 
The strength of lateritic soil is a key factor in its application for geotechnical and civil engineering purposes. Due to its unique formation process involving the accumulation of iron and aluminum oxides, lateritic soil often develops high natural strength, particularly when unsaturated and well-compacted (Gidigasu, 1976).
Unconfined Compressive Strength (UCS)
Lateritic soils generally exhibit moderate to high unconfined compressive strength (UCS), which varies depending on the soil’s mineralogical composition, degree of weathering, and moisture condition. UCS values typically range from 100 to 500 kN/m², with higher values observed in well-drained, laterized soils. The iron and aluminum oxides act as natural cementing agents, contributing to the cohesion of the soil matrix (Ola, 1983).
Shear Strength and Cohesion
The shear strength of lateritic soils is governed by two major parameters: cohesion (c) and angle of internal friction (φ). These soils often demonstrate appreciable cohesion due to their clay content and oxide bonding, which provides significant resistance to shear deformation. However, the strength may reduce considerably under saturated conditions, especially for fine-grained lateritic clays that are prone to softening when wet (Omotosho & Eze-Uzomaka, 2007).
Lateritic soils often exhibit friction angles ranging from 25° to 35°, and cohesion values between 20 and 50 kN/m², depending on the soil’s texture and moisture state. These properties make them suitable for embankment fills, slope materials, and pavement subgrades when properly compacted.
Moisture Influence and Compaction
Moisture content plays a crucial role in determining the strength of lateritic soil. An increase in water content beyond the optimum moisture content (OMC) usually leads to a decline in strength, as the excess water reduces matric suction and lubricates soil particles. Therefore, achieving adequate compaction at or near the OMC is critical to ensuring that the soil performs well under load (Osinubi, 2000).
Stabilization to Improve Strength
When the natural strength of lateritic soil is insufficient for structural applications, stabilization techniques such as the addition of cement, lime, or industrial wastes (e.g., fly ash) can be employed. These additives react with the clay minerals and oxides in the soil to form cementitious compounds that significantly increase strength and durability (Eberemu et al., 2012). Stabilized lateritic soil can exhibit compressive strength values exceeding 1,000 kN/m², making them suitable even for sub-base and base course layers in highway construction.
 
 











CHAPTER THREE
MATERIALS AND METHODS
3.1	Sample collection and preparation
Soil samples were collected at different locations, Oshin and Alagbaa in Ilorin, Kwara State, using a systematic sampling approach to ensure representativeness. Disturbed and undisturbed samples were obtained from depths of 0.5-1.5m using hand augers and core cutters, respectively. The samples were placed in airtight polyethylene bags to preserve the moisture content and transported to the laboratory within 24hours. In the laboratory, samples were air-dried pulverized, and sieved to remove debris and organic matter. Disturbed samples were used for physical tests while undisturbed samples were used for mechanical tests according to ASRM(2014).
3.2	Laboratory Analysis
Laboratory analyses were conducted to determine the physical and mechanical properties of the soil samples. Tests included specific gravity, moisture content, grain size analysis, atterberg limits, linear shrinkage, compaction and California bearing ratio, which are all performed in accordance with British standards (BS 2003). All equipment was collaborated prior to testing, and tests were conducted in triplicate to ensure accuracy and repeatability. Details were recorded and analyzed in the laboratory.
3.3	Determination of Grain Size Analysis
Grain size analysis was performed to classify the soil based on particle size distribution. Two methods were employed the mechanical sieve method for coarse-grained soils and the hydrometer method for fine grained soils
3.3.1	Mechanical Sieve Method
The mechanical sieve method was used to determine the particle size distribution of coarse-grained soils (sand and gravel), A200g oven. Dried oven-dried soil sample was passed through a stack of sieve with aperture size ranging from 4.75mm to 0.075mm following ASTM D6913. (D6913M-17(ASTM 2017). The sieve were shaken mechanically for 10minutes using a sieve shaker. The weight of soil retained on each sieve was recorded and the percentage passing was calculated to plot the particle size distribution curve
3.3.2	Hydrometer Sieve Method
For fine-grained soils (silt and clay), the hydrometer method was used to determine the particle size distribution as outlined in ASRM D7928-21 (ASTM, 2021). A 50g soil sample was mixed with a dispersing agent (sodium hexametaphosphate) and water to form a suspension. The hydrometer was used to measure (2,3,15,30,60,240, and 1440 minutes). Particles sizes were calculated used stokes law and the percentage of particles finer than a given was determined.
3.4	Determination of Atterberg Limit Test
Atterberg limit test were conducted to determine the plasticity characteristics of fine-grained soils, following BS 1377-2:2003 (BSI, 2003). These tests included the liquid limit, plastic limit, and linear shrinkage.
3.4.1	Liquid Limit Determination
The liquid limit was determined using the Casagrande apparatus, as per ASTM D4318-17 (ASTM, 2017). A 250g soil sample passing through a 0.42mm sieve was mixed with distilled water to form a paste. The paste was placed in the Casagrande cup, and a groove was made using a standard grooving tool. The number of blows required to close the groove over a 12.7mm distance was recorded at varying moisture contents. The moisture content at 25 blows was taken as the liquid limit.
3.4.2	Plastic Limit Determination
The plastic limit was determined by rolling a 20g soil sample into threads of approximately 3mm diameter, as described in ASTM S4318-17 (ASTM, 2017). The soil was rolled until it crumbled, and the moisture content at this point was measured by oven-drying the sample at 1050C for 24 hours. The plastic limit was calculated as the average moisture content of three trials.
3.4.3	Determination of Linear Shrinkage
Linear shrinkage was determined using BS 1377-2:2003 (BSI, 2003). A soil paste was prepared at the liquid limit and placed in a shrinkage mold (140mm long). The mold was oven-dried at 1050C for 24 hours, and the reduction in length was measured using a vernie caliper. Linear shrinkage was calculated s the percentage reduction in length relative to the original length.
3.5	Compaction Test
The standard proctor compaction test was conducted to determine the maximum dry density (MDD) and optimum moisture content (OMC) of the soil following ASTM D698-12 (ASTM, 2012). A 2.5kg soil sample passing through a 4.75mm sieve was compacted in a 1000cm3 mold in three layers, each receiving 25 blows from a 2.5kg rammer dropped from a height of 300mm. the rest was repeated at different moisture contents (ranging from 4% to 20%) and the dry density was calculated for each trial. The MDD and OMC were determined by plotting the dry density against moisture content.
3.6	Determination of Shear Box Test
The direct shear test was conducted to determine the shear strength parameters (cohesion and angle of internal friction) of the soil, following (ASTM, 2011). An undisturbed soil sample (60mm x 60mm x 20mm) was placed in a shear box apparatus. Normal stresses of 50, 100 and 150 Kpa were applied at a constant rate of 0.5mm/min. the shear stress at failure was recorded and Mohr. Coulomb failure were used to calculate cohension (c) and friction angle (ⱷ)
3.7	California Bearing Ratio (CBR)
The CBR test was performed to elevate the strength of the soil for pavement design, as per ASTM1998-21 (ASTM, 2021). A soil sample was compacted at the opinion moisture content in a CBR mols (150mm diameter) using a 4.5kg rammer. The sample was subjected to penetration by a 50mm diameter plunger at a rate of 1.25mm/min under surcharge loads. The CBR value was calculated as the ratio of the load sustained by the soil to that of a standard crushed rock at 2.5mm and 5.0mm penetration.






CHAPTER FOUR
RESULTS AND DISCUSSION
4.1	Results of Natural Water Determination
The results of natural water determination are shown in table 4.1 below.
Table 4.1: Natural Water Content Determination for Sample A and B
		SAMPLE A						SAMPLE B
	Boring no.
	
	
	
	
	

	Container no (Cup)
	
	
	
	
	

	Wt of cup + Wet soil (g)
	134.5
	135.0
	
	162.5
	118.0

	Wt of cup + dry soil (g)
	128.0
	129.5
	
	154.5
	112.5

	Wt of cup (g)
	25.5
	25.0
	
	34.5
	24.5

	Wt of dry soil. (g)
	102.5
	104.5
	
	120.0
	88.0

	Wt of water (g)
	6.5
	5.5
	
	8.0
	5.5

	Water content %
	6.3
	5.3
	
	6.7
	6.3


 Average water content (%) = 5.8%					6.5%
4.2	Discussion on Natural Water Determination
The natural water determination for sample A and Sample B is 5.8% and 6.5% respectively. It is to determine the amount of water present in a quantity of soil in terms of its dry weight. The natural water determination of various soils varies generally ranging from about 10 to15% for sand, 15 to 30% for silt and 30 to 50% for clay. The low value of natural water determination content for Sample A and B indicates that the water table fluctuates during the dry season (Sidi et al., 2015). 

4.3	Results of Specific Gravity
The results of Specific Gravity is shown in Fig. 4.2 below
Table 4.2. Specific Gravity Determination for Sample A and B
			SAMPLE A      SAMPLE B
	SAMPLE LABEL
	
	
	

	WT OF EMPTY BOTTLE (g) (W1)
	103.0
	103.0
	

	WT OF EMPTY BOTTLE+1/3 OF SOIL (g) (W2)
	153.0
	153.0
	

	WT OF EMPTY BOTTLE+1/3 OF SOIL+WATER (g) (W3)
	229.5
	230.0
	

	WT OF EMPTY BOTTLE+WATER ONLY (g) (W4)
	198.0
	198.0
	

	SPECIFIC GRAVITY = 
	2.70
	2.78
	



4.4	Discussion on Specific Gravity Determination
The specific gravity of the soil depends on the amount of sand and also depends on their mineral constituents and mode of formation of the soil. The results of the specific gravity analysis on soil samples of Sample A and Sample B are 2.70 and 2.78 respectively. Comparing these specific gravity values to some common soil types from (Lambe, 1969). (Table 4.3) shows the specific gravity of each soil type. It can be deduced from Table 4.3 that the specific gravity of soil sample A and B can be described as inorganic soil.







Table 4.3: Typical Values of Specific Gravity of Soil Samples (Lambe and Whiteman, 1969)
	
SOIL TYPES
	
SPECIFIC GRAVITY

	
Sand
	
2.65 – 2.67

	
Silty sand
	
2.67 – 2.70

	
Inorganic soil
	
2.70 – 2.80

	
Soil with mica or iron
	
2.75 – 3.00

	
Organic
	
Variable but may be under 2.0



4.5	Results of Grain Size Analysis
The results of grain size analysis are shown in table 4.4 below.
Table 4.4: Grain Size Analysis for Sample A and B
Sieve analysis and Grain Size A                                    Sieve analysis and Grain Size B
	Sieve No
	Diam. (mm)
	Wt. retained
	% retained
	% passive
	Diam. (mm)
	Wt. retained
	% retained
	% passive

		
	19.00
	
	
	
	19.00
	0.0
	0.0
	100.0

	
	16.00
	0.0
	0.0
	100.0
	16.00
	12.5
	2.5
	97.5

	
	8.00
	68.5
	13.7
	86.3
	8.00
	67.0
	13.4
	84.1

	
	4.75
	141.0
	28.2
	58.1
	4.75
	111.0
	22.2
	61.9

	
	2.36
	134.0
	26.8
	31.3
	2.36
	149.5
	29.9
	32.0

	
	1.00
	88.0
	17.6
	13.7
	1.00
	124.0
	24.8
	7.2

	
	0.50
	37.0
	7.4
	6.3
	0.50
	29.0
	5.8
	1.4

	
	0.425
	-------
	---------
	--------
	0.425
	---------
	---------
	---------

	
	0.30
	12.0
	2.4
	3.5
	0.30
	3.0
	0.6
	0.8

	
	0.25
	5.0
	1.0
	2.9
	0.25
	0.2
	0.04
	0.76

	
	0.150
	6.5
	1.3
	1.6
	0.150
	0.2
	0.04
	0.72

	
	0.090
	-------
	-------
	-------
	0.090
	-------
	-------
	-------

	
	0.75
	5.5
	1.1
	0.5
	0.075
	1.0
	0.2
	0.52

	
	PAN
	2.0
	0.4
	
	PAN
	1.0
	0.2
	


4.6	Discussion of Grain Size Analysis
The graphical representation of the results of the grain size analysis (Fig. 4.1) of Sample A indicates that the Gravel is of high dominance with percentage of 72%, followed by Sand with percentage of 28% while Sample B (Fig. 4.2) contains 73% gravel and the sand is 27%, this as such is classified as sandy gravels in accordance to the USCS classification (Table 4.5).
In accordance to the USCS classification.On the Unified Soil Classification Chart (Table 4.5), sample A and Sample B have the group symbol SW and are classified as pervious, and it has an excellent shear strength when compacted and saturated, negligible compressibility when compacted and saturated and has excellent workability as construction material which can resist erosion. 










Fig. 4.1: Grain Size Analysis for Sample A
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Fig. 4.2: Grain Size Analysis for Sample B

TABLE 4.5: Unified Soil Classification System (USCS)
	Major divisions
	Subdivisions 
	USCS Symbol
	Typical names
	Laboratory classification criteria

	Coarse gained soils   (more than 50% retained on no. 200 sieve)
	Gravels (more than 50% of coarse fraction retained on no. 4 sieve
	GW
	Well graded gravels or gravel-sand mixture, little or no fines
	Less than 5% fines

	
	
	GP
	Poorly graded gravels or gravel-sand mixture, little or no fines
	Less than 5% fines

	
	
	GM
	Silty gravels, gravel-sand-silt mixtures
	More than 12% fines

	
	
	GC
	Clayey gravels, gravel-sand-clay mixtures
	More than 12% fines

	
	Sands (50% or more coarse fraction passing no. 4 sieve
	SW
	Well graded sands or gravel-sand, little or no fines
	Less than 5% fines

	
	
	SP
	Poorly graded sands or gravel-sand mixture, little or no fines
	Less than 5% fines

	
	
	SM
	Silty sand, sand-silt mixture
	More than 12% fines

	
	
	SC
	Clayey sand, sand-clay mixture
	More than 12% fines

	Fine grained soils (50% or more passes the no. 200 sieve)
	Silts and Clays
(liquid limit less than 50%)
	ML
	Inorganic silts, rock flour, silts of low plasticity
	Inorganic soils

	
	
	CL
	Inorganic clays of low plasticity, gravelly clays, sandy clays, etc
	Inorganic soils

	
	
	OL
	Organic silts and organic clays of low plasticity
	Organic soils

	
	Silts and Clays (liquid limit 50% or more)
	MH
	Inorganic silts, micaceous silts, silts of high plasticity
	Inorganic soils

	
	
	CH
	Inorganic highly plastic clays, fat clays, silty clays, etc
	Inorganic soils

	
	
	OH
	Organic silts and organic clays of high plasticity
	Organic soils

	Peat 
	Highly organic
	PT
	Peat and other highly organic soils
	Primarily organic matter, dark in colour and organic odour



4.7	Results of Atterberg Limit Determination
The results of Atterberg Limit Determination are shown below.
Table 4.6: Liquid Limit Determination for Sample A 
	Can no.
	26
	12
	K5
	AA
	

	Container no (Cup)
	
	
	
	
	

	Wt of Wet soil + can (g)
	36.5
	35.5
	35.5
	32.5
	

	Wt of dry soil + can (g)
	34
	32.5
	33
	30
	

	Wt can (g)
	24.5
	24
	25.5
	24
	

	Wt moisture (g)
	9.5
	8.5
	7.5
	6
	

	Water content, w%
	26.3
	37.5
	33.3
	41.7
	

	No of blows N
	45
	34
	22
	16
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Flow index F1 = 
Liquid limit = 37.0%
Plastic limit = 16.1%
Plasticity Index Ip = 20.9%
IP = LL - PL= 37 - 16.1 = 20.9
Table 4.6.1.  Plastic Limit Determination for Sample A
	Can no.
	25
	E1

	Wt. of Wet soil + can (g)
	31
	30

	Wt. of dry soil + can (g)
	30
	29

	Wt. of can (g)
	23.5
	23

	Wt.  of dry soil
	6.5
	6

	Wt. of moisture (g)
	1
	1

	Water content. w% = w
	15.4
	16.7





Table 4.6.2: Liquid Limit Determination for Sample B
	Can no.
	T1
	A1
	H3
	G2

	Wt. of Wet soil + can (g)
	34
	32.5
	32.5
	31.5

	Wt. of dry soil + can (g)
	31.5
	29.5
	30
	29

	Wt. can (g)
	25
	22.5
	25.5
	24

	Wt. of dry soil
	6.5
	7
	4.5
	5

	Wt. moisture (g)
	2.5
	3
	2.5
	2.5

	Water content, w%
	38.5
	42.9
	55.6
	50.0

	No of blows N
	40
	22
	20
	10
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Flow index F1 = 
Liquid limit = 43.0%
Plastic limit = 21.1%
Plasticity index Ip = 21.9%
IP = LL - PL
= 43.0% - 21.1% = 21.9%
Table 4.6.3: Plastic Limit Determination for Sample B
	Can no.
	D4
	24

	Wt. of Wet soil + can (g)
	24
	24.5

	Wt. of dry soil + can (g)
	23
	23.5

	Wt. of can (g)
	18.5
	18.5

	Wt.  of dry soil
	4.5
	5

	Wt. of moisture (g)
	1
	1

	Water content. w% = w
	22.2
	20.0



4.8	Discussion on Atterberg Limit Determination
The results of Atterberg consistency limits carried out on the soil sample, Sample A gave the following values: liquid limit of 37.0%, plastic limit of 16.1%, plasticity index of 20.9%, while Sample B has the following values for each of the parameter: liquid limit of 43.0%, plastic limit of 21.1% and plasticity Index of 21.9%. According to Holtz and Cubbs, Volume change potential, 1936) as having a moderate volume change (Table 4.6.4). Drawing inferences from these values, the soil samples suggests that they have moderate potential to swell or shrink (Madedor, 1983). The plot of the result on the plasticity chart for both samples A and B falls within the CL zone (Fig. 4.3). According to engineering use chart (Table 4.6.5) they are impervious, inorganic clays which can be used as a dam construction. 
[image: C:\Users\MUSTARD-GATE\Desktop\cl group.jpg]
Fig. 4.3: Plots of Sample A and B on Plasticity Chart


Table 4.6.4:  Relationship between Atterberg limit and Volume Change Potential (After Holtz and Cubbs, 1936)                
	
Volume Change
     Potential
	
       Plasticity Index Ip
	

    Shrinkage

	
	Arid Area
	Humid Area
	

	Little
	0 – 15
	0 – 30
	< 12

	Moderate
	15 – 30
	30 – 50
	10 – 12

	
High
	
>30
	
>50
	
>10



Table 4.6.5: Engineering Used Chart (After Wagner, 1957)
	Typical names of Soil groups
	Group Symbols
	Important Properties

	
	
	Permeability when compacted
	Shearing strength with compacted and saturated
	Compressibility when compacted and saturated
	Workability as a construction material

	Well graded gravels or gravel-sand mixture, little or no fines
	GW
	Pervious
	Excellent
	Negligible
	Excellent

	Poorly graded gravels or gravel-sand mixture, little or no fines
	GP
	Very pervious
	Good
	Negligible
	Good

	Silty gravels, gravel-sand-silt mixtures
	GM
	Semi-pervious to impervious
	Good
	Negligible
	Good

	Clayey gravels, gravel-sand-clay mixtures
	GC
	Impervious 
	Good to fair
	Very low
	Good

	Well graded sands or gravel-sand, little or no fines
	SW
	Pervious
	Excellent
	Negligible
	Excellent

	Poorly graded sands or gravel-sand mixture, little or no fines
	SP
	Pervious
	Good
	Very low
	Fair

	Silty sand, sand-silt mixture
	SM
	Semi-pervious to impervious
	Good
	Low
	Fair

	Clayey sand, sand-clay mixture
	SC
	Impervious 
	Good to fair
	Low
	Good 

	Inorganic silts, rock flour, silts of low plasticity
	ML
	Semi-pervious to impervious
	Fair
	Medium
	Fair

	Inorganic clays of low plasticity, gravelly clays, sandy clays, etc
	CL
	Impervious
	Fair
	Medium
	Good to fair

	Organic silts and organic clays of low plasticity
	OL
	Semi-pervious to impervious
	Poor
	Medium 
	Fair

	Inorganic silts, micaceous silts, silts of high plasticity
	MH
	Semi-pervious to impervious
	Fair to poor
	High 
	Poor

	Inorganic highly plastic clays, fat clays, silty clays, etc
	CH
	Impervious
	Poor
	High
	Poor

	Organic silts and organic clays of high plasticity
	OH
	Impervious
	Poor 
	High
	Poor













4.9	Results of Compaction Tests
The results of Compaction tests are shown below for Sample A and B
Table 4.7: Compaction Tests for Sample A (Standard Proctor)
	Sample no
	1
	2
	3
	4

	Moisture can no
	7
	P8
	TB
	33
	P14
	Y2
	E8
	4

	Wt. of can + wet soil
	73
	1/7
	72.5
	78
	178
	173.5
	169.5
	179.5

	Wt. of can + dry soil (g)
	68.5
	11.2
	67.5
	72.5
	162
	158
	148.5
	158

	Wt. of can (g)
	4.5
	5
	5
	5.5
	16
	15.5
	21
	21.5

	Wt. of can (g)
	20
	51.5
	23.5
	24.5
	58.5
	57
	25
	34

	Wt. of dry soil (g)
	48.5
	54.5
	44
	48
	103.5
	101
	123.5
	124

	Water content w%
	9.3
	9.2
	11.4
	11.5
	15.5
	15.3
	17.0
	17.3

	DENSITY DETERMINATION

	Assumed water content (g)
	9.5
	11.5
	15.5
	17.0

	Average water content%
	9.3
	11.5
	15.4
	17.2

	Wt. of soil + mould  (g) 
	4693
	4912
	5044
	4961

	Wt. of mould (g)
	2976
	2976
	2976
	2976

	Wt. of soil in mould (g)
	1717
	1936
	2068
	1985

	Wet Density, DW (g/cm3)
	1.717
	1.936
	2.068
	1.985

	Dry density (g/cm3)
	1.571
	1.736
	1.792
	1.694











	
	
	
	
	
	
	
	















Fig. 4.4: Compaction Curves for Sample A









Table 4.7.1: Compaction Tests for Sample A (Modified Proctor)
WATER CONTENT DETERMINATION
	Sample no
	1
	2
	3
	4

	Moisture can no
	Bo
	J
	3
	LA
	1
	5
	2
	4

	Wt of can + wet soil
	99.5
	94.5
	120.5
	122
	174.5
	206.5
	254.5
	246.5

	Wt. of can + dry soil (g)
	95
	89.5
	110
	110.5
	155.5
	184.5
	218.5
	210

	Wt of can (g)
	4.5
	5
	10.5
	11.5
	19
	22
	36
	36.5

	Wt of can (g)
	32.5
	25
	19
	15
	18.5
	18
	19
	19.5

	Wt of dry soil (g)
	62.5
	64.5
	91
	95.5
	137
	166.5
	199.5
	190.5

	Water of content w%
	7.2
	7.8
	11.5
	12.0
	13.9
	13.2
	18.0
	19.2




	DENSITY DETERMINATION

	Assumed water content(g)
	7.5
	11.8
	13.5
	18.5
	
	

	Average water content%
	7.5
	11.8
	13.6
	18.6
	
	

	Wt. of soil + mould (g) 
	4658
	4904
	5038
	4952
	
	

	Wt. of mould (g)
	2976
	2976
	2976
	2976
	
	

	Wt. of soil in mould (g)
	1682
	1928
	2062
	1976
	
	

	Wet density, DW(g/cm3)
	1.682
	1.928
	2.062
	1.976
	
	

	Dry density (g/cm3)
	1.565
	1.725
	1.815
	1.666
	
	




Fig. 4.5: Compaction Curves for Sample B


Table 4.7.2: Presentation of Compaction Results
	  SAMPLE NO
	STANDARD PROCTOR
	MODIFIED PROCTOR

	
	Optimum    Moisture     Content (OMC) %
	Maximum Dry Density  (MDD)   g/cm3
	Optimum Moisture Content OMC (%)
	Maximum Dry Density (MDD)   g/cm3

	Sample A
	        15.0
	1.80
	        15.0
	        1.83

	Sample B
	15.0
	1.83
	15.0
	1.79



4.10	Discussion on Compaction Results 
The relationship between the dry density and the optimum moisture content of the soil samples are shown in Fig 4.2. The compaction curves show that dry density increases with further increase water content. From compaction tests carried out, at the energy of standard proctor, sample A has 15.0% and 1.80 g/cm3 as optimum moisture content and maximum dry density respectively, while at the energy of modified proctor, it has 15.0 % and 1.83 g/cm3 as optimum moisture content and maximum dry density respectively. Sample B has 15.0% and 1.83 g/cm3 as optimum moisture content and maximum dry density respectively, while at the energy of modified proctor, it has 15.0 % and 1.79 g/cm3 as optimum moisture content and maximum dry density respectively.
The compaction characteristics and ratings of the Unified soil classification classes for soil construction (ASTM, 1557-91) (Table 4.7.2), from the values obtained, it can be concluded that soil samples A and B have a fair to good performance as an embankment material and can be used as a subgrade material with a good to fair performance as base course material.


Table 4.7.3: Compaction Characteristics and Rating of Unified Soil Classification Classesfor Construction (ASTM, 1557-91)
	Visual Description
	Maximum Dry-Weight Range (g/cm3) 
	Optimum Moisture Range (%)
	Anticipated Embankment Performance
	Valueas Subgrade Material
	Value as base  course

	Granular material
	  2.00-2.27
	7-15
	Good to excellent
	 Excellent
	   Good

	Granular material with soil 
	  1.76-2.16
	9-18
	 Fair to Excellent
	 Good 
	Fair to Poor

	Fine sand and sand 
	 1.76-1.84
	        9-15
	  Fair to Good
	 Good to  fair 
	 Poor

	Sandy silts and silts
	 1.52-2.08
	       10-20
	  Poor to Good 
	Fair to Poor
	Not suitable

	Elastic silts and Clays
	 1.36-1.60
	      20-35 
	Unsatisfactory
	  Poor 
	 Not suitable

	 Silty-Clays
	 1.52-1.92
	      10-30
	Poor to Good
	 Fair to Poor
	Not suitable














4.11	Results of California Bearing Ratio
The results of California Bearing Ratio tests are shown below for Sample A and B
Table 4.8.1: California Bearing Ratio tests for Sample A

	Penetration of Plunger (mm)
	TOP Piston Load on Plunger (KN)
	BOTTOM Piston Load on Plunger (KN)

	0.00
	2.9
	0
	0
	0

	0.50
	26
	76
	33
	96

	1.00
	51
	149
	60
	175

	1.50
	67
	196
	75
	219

	2.00
	81
	237
	92
	269

	2.50
	90
	263
	106
	310

	3.00
	96
	281
	114
	334

	4.00
	103
	301
	121
	354

	5.00
	108
	316
	126
	359

	6.00
	11.6
	339
	130
	380

	7.00
	120
	351
	134
	392
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Fig. 4.7: Plots of California Bearing Ratio for Sample A









Table 4.8.2: California Bearing Ratio tests for Sample B
	Penetration of Plunger (mm)
	TOP Piston Load on Plunger (KN)
	BOTTOM Piston Load on Plunger (KN)

	0.00
	0
	0
	0
	0

	0.50
	19
	55
	27
	79

	1.00
	37
	108
	48
	140

	1.50
	53
	155
	69
	202

	2.00
	70
	205
	87
	254

	2.50
	83
	243
	99
	290

	3.00
	89
	260
	105
	307

	4.00
	94
	275
	112
	328

	5.00
	99
	290
	116
	339

	6.00
	102
	298
	121
	354

	7.00
	107
	313
	125
	366
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Fig. 4.8: Plots of California Bearing Ratio for Sample B
Table 4.8.3: Summary of CBR Results for Standard Proctor
	 SAMPLE NUMBER
	CBR VALUES
	  PENETRATION AVERAGE              VALUE (%)

	
	
	      2.5mm
	 5.0mm

	         Sample A
	       SOAKED 
	       2
	 2

	         Sample A
	       UNSOAKED 
	       4
	 3

	 Sample B
	       SOAKED 
	       2
	 1

	 Sample B
	      UNSOAKED 
	       3
	2



Table 4.8.4: Summary of CBR Results for Modified Proctor
	 SAMPLE NUMBER
	               CBR VALUES
	  PENETRATION AVERAGE              VALUE (%)

	
	
	      2.5mm
	 5.0mm

	Sample A
	       SOAKED 
	       2
	 2

	         Sample A
	       UNSOAKED 
	    5
	 4

	 Sample B
	       SOAKED 
	       2
	 2

	Sample B
	      UNSOAKED 
	       4
	 3


Table 4.8.5: General Rating for Soil Based on CBR Values (After The Asphalt Institute, 
1962)
	CBR NO
	GENERAL RATING
	        USES 
	CLASSIFICATION UNIFIED
	SYSTEM AASTHO

	0-3
	Very poor
	Sub-grade
	OH, CH, MH, OL
	A5, A6, A7

	3-7
	Poor-fair
	Sub-base
	OH, CH, MH, OL
	A4, A5, A6, A7

	7-20
	Fair
	Base
	OL ,CL, ML, SC, SM, SP 
	A2, A4, A6, A7 

	20-50
	Good
	Asphalt material
	 GM, GL, SIN, SM, SP,       GP, W,GM
	Aib,A2-5, A3,              Al,A2-4 ,A3



4.12	Discussion of CBR Results
The CBR values for Sample Aunsoaked sample for Standard Proctor and Modified Proctor were4% and 5% respectively. For Sample A SOAKED for standard Proctor and modified Proctor were2% and 2% respectively. For UNSOAKED sample B for Standard Proctor and Modified Proctor were 3% and 4% respectively,while for SOAKED Sample B Standard Proctor and modified Proctor were 2% and 2% respectively.Table 4.8.3 shows the general rating of soil materialbasedon the CBR values of the material. Soil meet requirement better when they are classified based on the CBRvalue of soaked materials. Sample A CBR indicate a very poor general rating based on it CBR values which means that it can only be used as subgrade material in road construction. Sample B also have a general poor rating based on its soaked CBRvalues means it is only good for subgrade material in road construction. The UNSOAKED modified CBR test result shows that Sample A can be used as a sub base material in road construction and Sample B can be used as both subgrade and sub base material in road construction based on the UNSOAKED modified CBR value of both sample which were 5% and 4% respectively.


CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1	Conclusion
Comparative studies of laterite has been carried out in compliance with the regulatory standard. Grain size distribution for Sample A and Sample B obtained shows that they are poorly graded and on the basis both soil samples will be suitable for use as a road sub-base materials. The Atterberg consistency limits, shows that the both samples meet the requirement to be used as a sub-base material. The compaction properties possessed by Sample A and Sample B makes them good engineering construction materials based on the MDD and OMC values obtained at both energies Standard Proctor and Modified Proctor. According to The Asphalt Institute (1962), both Sample A and Sample B have CBR which are considered to be very poor to poor and can only be used as sub-grade and sub-base material and also both samples possess fairly high initial and long term stability when used in dam or embankment construction. In conclusion from the tests carried out, it can be deduce that Sample A and Sample B can be used as construction material such as road, dam, foundation and embankment.
5.2	Recommendations 
i.	Geotechnical properties of laterite soil should be analyzed and recommended as a 	suitable material for civil engineering purpose particularly for construction of 	infrastructural facility.
ii.	Further investigation and analysis such as Triaxial test and permeability should be 	carried out on laterite soil before construction begins.
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